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The high p r e s s u r e , boiling water loop of the Technology Division at the 
Joint Nuclear R e s e a r c h Cent re of Eu ra tom at I s p r a was cons t ruc ted in o r -
der to t es t the heat t r ans fe r and hydrodynamic behaviour in fuel e lement 
a s sembl i e s for r e a c t o r s planned for the future. The instal la t ion was also in-
tended to s e rve for fundamental r e s e a r c h in the heat t r ans fe r field. 
The f i rs t invest igat ions scheduled were on heat t r ans fe r to water , under 
nea r c r i t i ca l p r e s s u r e s and with high heat flux dens i t i e s . With this in mind 
the loop was p r epa red with the following operat ing data: 
TABLE 1 
DESIGN DATA OF THE TEST LOOP 
Max. working p r e s s u r e 
Max. del ivery ra te 
Max. head 
Max. heat input 
Max. c i rcui t t empe ra tu r e 
Max. pump t e m p e r a t u r e 
Instal lat ion length for t e s t sect ion 
2 50 ba r s 
3 / 30 and 100 m / h r 





The cooling medium is deminera l ized and gas - f ree wate r . Since the ope ra -
tion began, seve ra l t es t sect ions have been studied. 
These were most ly single smooth tubes , but rod c l u s t e r s , coiled tubes, an-
nulus geometr ies and tes t sect ions for visual izat ion of flow pat te rns (see 8), 
were also studied. 
A detailed descr ip t ion of the loop demons t ra tes i ts grea t versa t i l i ty . 
*) Manuscript rece ived on Apri l 2, 1971 
1. The Loop 
F ig . 1 and 2 show the a r r a n g e m e n t of the tes t loop. The circuit 
works as a c losed cycle under forced flow. The mos t in te res t ing 
e lements bes ides the tes t sect ion a r e the pump, p r ehea t e r , s epa -
r a to r , p r e s s u r i z e r , condenser and subcooler . 
The method of operat ion is i l l u s t r a t ed by the m a s s flow sheet of 
Fig . 3. The water brought into c i rcu la t ion by the r e a c t o r pump (1), 
p a s s e s select ively t h r ee pipes of different nominal d i ame te r and 
the i r corresponding regulat ing valves ( 2 , 3 , 4 ) . The pipes and va l -
ves with a nominal d i ame te r of NW 2 5, NW 40 and NW 50 a r e so 
dimensioned that the en t i re m a s s flow range can be pas sed through 
in th ree s teps , each with the rat io 1:10. Were the t e s t section(7)to 
be en te red with a two-phase mix tu re , the des i r ed quality would 
be genera ted by the p rehea t e r (6 ) . Tes t sect ions with length up to 
7 m can be ins ta l led . The wa te r -vapo r mix tu re leaving the t e s t sec-
tion is t r a n s f e r r e d to the sepa ra to r (8 ) . After separa t ion the vapor 
condenses in the condenser(9) and the condensate becomes mixed 
with the water in the lower pa r t of the s e p a r a t o r . The ent i re m a s s 
of water then flows into the subcooler( 10) in which the t e m p e r a t u r e 
is lowered to the des i r ed t e s t sect ion inlet t e m p e r a t u r e . F r o m here 
the water r e tu rns to the pump and the cycle begins again. 
There is a p r e s s u r i z e r ( 11) to s tabi l ize the operat ing p r e s s u r e in-
dependently of the heat input to the t e s t sect ion. 
Because the des i red f low-rate is often very low, whereas the pump 
corresponding to i ts Q-h- l ine should not opera te below the min i -
mum m a s s flow, the re is a bypass with a regulat ing valve( 5) . A 
quick-act ing gate valve (12) is ins ta l led to avoid high p r e s s u r e va-
por exhaust should a t es t sect ion be des t royed by burnout . 
All pieces coming into contact with wate r a r e made of austeni t ic 
alloy s tee l : 
- DIN Χ 8 CrNiNb 1613 m a t e r i a l n r . 1.4961 and 
- DIN X 10 CrNiMoNb 1810 m a t e r i a l n r . 1.4580. 
As previously mentioned, the coolant is deminera l ized and gasfree 
water , with an e l ec t r i ca l conductivity of 0.2 m i c r o - S i e m e n s . 
1. 1 The Circula t ing Pump 
The two pumps a r e 3 -s tage , ver t ica l glandless c i rculat ion pumps, 
which differ in the del ivery and the del ivery head 
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pump I (KSB, Fig . 4a): Del ivery max. 100 m / h r 
3 
min. 40 m / h r 
Delivery head 120 m liq. col. 
speed 2920 rpm 
pump II (STORK, F ig . 4 b): Del ivery max. 30 m 3 / h r 
3 , min. 18 m / h r 
Delivery head 300 m liq. col. 
speed 2920 rpm 
Both pumps a r e built for a max . t e m p e r a t u r e of 364 C at an opera ­
ting p r e s s u r e of 250 ba r . The p e r m i s s i b l e t empera tu re of the mo­
tor of pump I is 180 C, and of pump II 165 C. Both a re connected 
to high p r e s s u r e coo le r s , which recool the motor cooling medium 
(connection s. 2 .2 , locking mechan i sm 2 .6) . 
1. 2 The P r e h e a t e r 
The p rehea t e r consis ts of 3 para l le led direct ly heated coils of pipe 
proport ioned in length (22 m) and d iamete r ( 1 8 x 2 mm) to the 
available power sou rce . The total power amounts to 500 kW and 
can be regulated r idgeless from 0-100% by igni t rons . The heating 
/ 2 is so calculated that the heat flux density does not exceed 20 W/cm . 
1. 3 The Evaporat ion Cooler 
Both cooler and condenser a r e const ructed as an evaporat ion heat 
exchanger; that i s , the water used for cooling evaporates so that 
all the evaporat ion heat can be used and only a smal l quantity of 
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cooling medium is there fore n e c e s s a r y . 
The heat exchange surface is made of Duplex-tubes ( s ta in less s teel 
inner tube and a coating b r a s s tube) . A ve ry sma l l a i r gap is ob-
tained by not bringing the b r a s s tube into meta l l i c contact with the 
s ta in less s tee l tube, and this gap s e r v e s to keep the hea t t r an s f e r 
so low that the t h e r m a l s t r e s s in the wall of the s t a in less s tee l 
tube r ema ins below the p e r m i s s i b l e value. This i s val id above all 
under the ex t r eme conditions at 250 b a r s . The t e m p e r a t u r e differ-
ence between the water in the tube and the cooling water outside can 
o 
amount to 300 C without d i s turbance of heat t r a n s f e r by pa r t i a l film 
formation. Both cooler and condenser a r e built for a max . power 
of 1. 2 MW and 2. 0 MW respec t ive ly , at which level this power is 
control lable , within broad l i m i t s , by the water level . The regu la -
tion is obtained by an overflow sys t em consis t ing of a jacked tube 
and a fixed and movable inner tube. The cooling wa te r is pumped 
into the coating tube which is in communicat ing contact with the 
cooler or the condenser r e spec t ive ly . When the movable inner tube 
is regulated at the de s i r ed level by means of an e l ec t r i c a l regula-
ting switch, the surplus wa te r flows away between the tubes (level 
regulat ion s. 2. 5). 
1. 4 The Separa tor 
The s epa ra to r cons is t s of two ver t ica l ly a r r anged v e s s e l s in which 
water and vapor a r e s epa ra t ed by force of gravi ty . 
1. 5 The P r e s s u r i z e r 
The p r e s s u r i z e r or p r e s s u r e s t ab i l i ze r has a power of 40 kW for 
heating p r e s s u r i z e d water up to 400 C at 250 b a r s . The p r e s s u -
r i z e r consis ts of 6 ca r t r i dge h e a t e r s in sp i r a l plate formation with 
a d iamete r of 37 m m and a length of 2450 m m in ve r t i ca l a r r a n g e -
ment . Voltage 380 Volts with one phase connection of 6500 Watts 
each (s . 2. 4 and 2. 6. 4). 
2. The E lec t r i ca l Instal lat ion 
2. 1 The 2 .4 MW Rectif ier Plant 
The rec t i f ie r plant ready for work at p r e sen t cons is t s of 8 r ec t i -
f iers with 300 kW each (Fig. 5) which a r e r emote -con t ro l l ed over 
power switch and contactor from the swi t ch -gea r . 
A communicat ion on the d i rec t cu r r en t par t makes it possible to 
work in following voltage s t eps : 
384 V - 6250 Amp 
192 V - 12500 Amp 
96 V - 25000 Amp 
48 V - 50000 Amp 
(24 V - 100000 Amp) 
Up to the corresponding max imum values , the voltage can be regu-
lated infinitely from 0 until 100% by regulat ing t r a n s f o r m e r s . The 
connection to the tes t section is set up by C u - c u r r e n t b a r s , in which 
shunts a re incorpora ted for the cu r r en t m e a s u r e m e n t s . The c r o s s -
2 sect ion of the cu r r en t ba r s amounts to 42000 mm , designed for a 
permanent cu r ren t of 50000 Amp and a t e m p o r a r y cu r ren t of 
100000 Amp. 
F r o m a switchboard it can be changed over from "s ing le" - to 
"pa ra l l e l " operat ion. F o r "burnout" t e s t s on the p r i m a r y of the r e -
gulating t r a n s f o r m e r s quick-break switches (Sace) a r e instal led 
with a disconnection t ime of 20 m s . 
The p r i m a r y voltages of 4 rec t i f i e r s a r e s tabi l ized by double ro tary 
t r a n s f o r m e r s . More detai ls a r e shown in the e l ec t r i ca l wiring 
scheme (Fig. 6) (blocking s. 2. 6. 2). 
2. 2 The Circula t ing Pump 
The c i rcula t ion pump is r emote -con t ro l l ed from the swi tch-gear 
by power switch and a contactor (blocking s. 2. 6. 1). 
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2. 3 The P r e h e a t e r 
The power of the p r e h e a t e r is regula ted from the switchboard. 
F o r reading the actual value, an in s t rumen t ca l ib ra ted in kilowatt 
is used (blocking s. 2. 6. 3). 
2. 4 The P r e s s u r i z e r 
The p r e s s u r i z e r is a lso remote-cont ro l led from the switchboard by 
a power switch and a contac tor . F o r regulat ion of the heating power 
a 40 k W t r a n s d u c e r is connected in s e r i e s , and opera ted from the 
swi tch -gea r by a source of constant c u r r e n t with + 10 mAmp modu-
lation (blocking s. 2 . 6 . 4 ) . 
2. 5 E l e c t r i c a l Auxil iary Dr ives 
The regulat ing valves (5) (bypass) and (2 ,3 ,4 ) ( t e s t sect ion inlet) 
and also the evaporat ion valve (s . 6) a r e connected with Reinecke-
m o t o r s . The control is adjusted from the switch board . The level 
in both the cooler and the condenser is control led by s e r v o - m o t o r s , 
which a r e a lso opera ted from the switchboard. Additional equipment 
is shown in block d i a g r a m (Fig. 6). 
2. 6 Blocking 
To e l iminate human e r r o r s blocking switches and safety e lements 
a r e ins ta l led . 
2 . 6 . 1 Pump S ta r t -up Blocking 
The c i rcula t ion pump cannot be switched on, if the regulat ion valves 
(5) and (2 ,3 ,4 ) a r e c losed. 
2. 6. 2 Rect i f ier Switching on Blocking 
The rec t i f i e r s can only be s t a r t ed if the vent i la tors and the s e r v o -
moto r s of the double rotat ing regu la to r (voltage s tab i l i ze r ) a r e 
switched on. In the case of fai lure of a vent i la tor or s e r v o - m o t o r 
the cor responding power switch r e l e a s e s . Should the pump fail to 
opera te , the power switches of the rec t i f i e r s cannot be switched on. 
If the pump breaks down during operat ion, the power s" vtches r i l l 
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disconnect the whole rect i f ier group. 
2 . 6 . 3 P r e h e a t e r Blocking 
If the pump does not c i rcula te the p r ehea t e r cannot bew worked. 
Moreover a burnout of the p r e h e a t e r tubes is prevented by excess 
t e m p e r a t u r e cutout. 
2 . 6 . 4 P r e s s u r i z e r Blocking 
During a t es t per iod the c i rcu i t also r emains under p r e s s u r e at 
night, ready for operat ion by automatic regulat ion (for the tes t p r o -
g ram ca. 50-150 b a r s ) . As regula tor a two point hoopdrop regula-
to r is used and as tes t value t r a n s m i t t e r a piston gauge (Siemens). 
The requi red safety is ensured by multiple blocking. 
2. 6. 4. 1 In case of lowering of level , i. e. , in case of water loss under mini -
mum value by an unexpected leak, the power switch is switched off 
by a hoop drop regula tor . 
2. 6. 4. 2 In case of dec rea se of p r e s s u r e a contact manome te r ins ta l led in 
the upper pa r t of the s epa ra to r goes into action and switches off the 
contactor . 
2. 6. 4. 3 An inc r ea se of p r e s s u r e is made safe by a threefold blocking: 
I. Step: In case of a p r e s s u r e i n c r e a s e up to 170 b a r s , the p r e s s -
ure switch I, placed para l l e l to the contact manomete r 
(2. 6.4.2), switches off the contactor . 
II. Step: In case of failure of the p r e s s u r e switch I and further in-
c r e a s e of p r e s s u r e , the p r e s s u r e switch II at the conden-
s e r takes action. The l a t t e r switches off the co r r e spon -
ding power switch and thus also the heating power. 
III. Step: If p r e s s u r e switch II does not operate e i ther , a burst ing 
plate has been ins ta l led as a th i rd safety device. This 
burs t ing plate is designed for a p r e s s u r e of 227 at (+ 10%). 
2 . 6 . 5 Emergency Cutout 
In case of rupture of the tes t sect ion, it is n e c e s s a r y to cut off all 
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the heating power ( r ec t i f i e r s , p r e h e a t e r and p r e s s u r i z e r ) i m m e d i a ­
tely and to c lose valves 2, 3, 4, and the quick-clos ing valve 11 . 
These opera t ions a r e combined in an emergency button. 
2. 7 Acoust ical and Optical Signaling 
Defects in different functions during opera t ion a r e r e g i s t e r e d by 
horn and light s igna l s . 
These defects a r e : 
1 - F a i l u r e of cooling wate r for the c i rcula t ing pump, 
. o > 
2 - T e m p e r a t u r e of pump cooling wate r becomes too high (max. 80 C), 
3 - Constant c u r r e n t sou rces have fallen out, 
4 - If at change-over to night opera t ion the "au tomat ic" for the p r e s s ­
u r e regulat ing is not switched on, the signal "P3 a l a r m fai ls" 
l ights up. 
5 - If " emergency cutout" is r e l ea sed , thereby closing the regula­
ting valves (2, 3,4) and the quick-clos ing valve (11), the signal 
"valves c losed" l ights up. This a lso happens at power fa i lure . 
The valves (2, 3,4) only can be adjusted, if "valves closed" is 
l i be ra ted and the signal extinguished. 
3. Control Ins t rumenta t ion 
3. 1 Ci rcu i t T e m p e r a t u r e s 
At 12 impor tan t p laces in the loop a r e ins ta l led thermocouples which 
control the t e m p e r a t u r e s continuously and r e c o r d them over a 12-
po in t -p r in te r (Polycomp H & Β). 
Another thermocouple , which controls the pump cooling water t e m ­
p e r a t u r e is secondar i ly connected with a hoop drop regula tor , which 
r e l e a s e s light and horn s igna ls , if the cooling water t e m p e r a t u r e b e ­
comes too high. 
3 . 2 Mass Flow 
To control the m a s s flow a Ba r ton -e l emen t is connected with an in­
dicating in s t rumen t and a con t inuous- l ine - record ing ins t rumen t . The 
B a r t o n - e l e m e n t is joined to a d iaphragm in pa ra l l e l to an U-shaped 
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manomete r (s . 4 .2 ) . 
P r e s s u r e 
The operat ing p r e s s u r e is controlled by tube spr ing manomete r s 
(indicating range 0-400 at ). 
Separa to r Level Control 
The level in the s epa ra to r d rums is r ecorded over a Bar ton-e lement 
(3600 m m water column) on switchboard i n s t r u m e n t s . 
Cooler and Condenser Level Control 
The cooling water level in cooler and condenser is also recorded on 
switchboard i n s t r u m e n t s . A tube spr ing manomete r (3000 mm water 
column) is used as a t e s t -va lue t r a n s m i t t e r . 
Measur ing Device 
T e m p e r a t u r e 
1 The t e m p e r a t u r e s of the operat ing medium at inlet and outlet of the 
tes t sect ion a r e m e a s u r e d with weld coated thermocouples . 
2 Tes t Section T e m p e r a t u r e s 
F o r record ing the wall t empe ra tu r e of the tes t section in steady 
s tate an in teg ra l -d ig i t a l -vo l tme te r (Hewlet t -Packard) including a 
data p r in te r is used. 
To pe r fo rm a tes t as quickly as possible an automatic se lec tor 
switch is ins ta l led, to which up to 600 measur ing points can be con­
nected. Nonsteady m e a s u r e m e n t s can be made by a cont inuous- l ine-
record ing ins t rument (Linecomp H & Β, so r t 0, 2 5%) or by a l ight-
ray high speed r e c o r d e r with 22 channels (Lumiscr ip t Η & Β). The 
zero point suppress ion is made by a Knick-s tandard voltage t r a n s ­
mi t t e r . Moreover , during the s t a r t - up and re -ad jus tment of a tes t , 
some of the tes t section t e m p e r a t u r e s can be observed by 20 p r o ­
fi le-indicating ins t ruments (indicating range 0-800 C). These indi­
cating ins t ruments can be disconnected by r e l ays . 
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4, 2 Mass Flow 
Depending upon the m a s s of cooling medium requ i red , two s e l e c -
tive d iaphragm sect ions can be ins ta l led . In each of these sect ions 
the re a r e two ring chambers to take up d iaphragms of different dia-
m e t e r (cal ibra t ion s. 7). The effective head is m e a s u r e d by a 
m e r c u r y U-shaped m a n o m e t e r (Debro, ND 400, t es t range 800 mm 
m e r c u r y column, accuracy of reading l / lO m m m e r c u r y column) 
with magnet ic indication (Fig. 8). 
4. 3 P r e s s u r e 
Both the p r e s s u r e s m e a s u r e d at inlet and outlet of the tes t section 
and the sy s t em p r e s s u r e a r e r eco rded by S iemens - ro ta t ing piston 
gauge (indication e r r o r 0. 1 %> of t e s t range final value) (Fig . 8). 
Tes t range : 6 at 
Zero point suppress ion : min imum 12 at 
max imum 2 58 at 
To m e a s u r e the p r e s s u r e drop over the tes t sect ion at the p res su re 
gauge nipples at the inlet and outlet a m e r c u r y U-shaped manometer 
(Debro, ND 400, t es t range 2400 m m m e r c u r y column, accuracy 
of reading 2 / l 0 m m m e r c u r y column) has been ins ta l led . 
4. 4 E l ec t r i ca l Values 
4. 4. 1 The cu r r en t m e a s u r e m e n t is c a r r i e d out by I so-shunts of 15000, 
30000 and 60000 Amp, (Companie des Compteu r s , so r t 0. 1%>) to 
which is connected a cont inuous- l ine w r i t e r or a m i l l i v o l t - m i r r o r 
galvanometer ( sor t 0. 5%>). 
4. 4. 2 The voltage can be read by a d ig i ta l -vo l tmete r or by a continuous-
l i n e - w r i t e r . Moreover var ious d i r e c t - r e a d ing t ab l e - in s t rumen t s 
(moving coil or moving i ron i n s t r u m e n t s , so r t 0. 2) can be used. 
5. E l e c t r i c a l Instal lat ion of the Tes t Sections 
The mos t widely used form of dc c u r r e n t d i rec t heating needs a 
cu r r en t - i n su l a t ed mounting of the tes t sec t ions . A flanged joint, 
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developed in the Heat Trans fe r Division at I s p r a [ 1 ] , containing in-
sulation rings of SPK-Oxide c e r a m i c s (Al O ) is used. 
F ig . 9 shows such flanged jo ints , and Fig . 10 shows insulation 
r ings and joints of var ious s izes and types . 
To improve the sealing effect of the lent icular joints and in par t ia l 
compensat ion for the different dilation of c e r a m i c s and austenite the 
faying surfaces a r e covered with a thin s i lver l ayer . 
6. Start ing P rocedu re 
After complete filling and a i r -vent ing the c i rcu i t will be closed and 
the p r e s s u r i z e r put into operat ion. 
When, by means of heating the water , the p r e s s u r e has reached 15-20 
bar , some of the water evaporates over a valve located at the conden-
s e r , which can be regulated by a s e r v o - m o t o r from the switchboard. 
During the same p rocess a final degassing o c c u r s . The evaporation 
continues until the level in the s epa ra to r is reduced to a value c o r r e s -
ponding to the operating p r e s s u r e desired(evaporation t ime about 4-5 
hours ) . 
Then the c i rcui t is closed again and the p r e s s u r e is inc reased (cor -
responding to the tes t p r o g r a m 50-150). To keep the loop under p r e s s -
u re during the night the instal la t ions as descr ibed in 2 . 6 . 4 have been 
provided. Before s tar t ing a tes t s e r i e s the loop t empera tu re s must be 
equalized. Therefore the pump is s t a r t ed and the mass flow is f i rs t 
passed through the b y - p a s s . The pe rmis s ib l e heat -up and cooling 
o speed for the pipe sys tem, as well as for the pump, amounts to 5 C 
per minute . 
Depending upon the equalization of the t e m p e r a t u r e s the mass flow is 
then also c a r r i e d through the tes t section and to obtain the des i red 
operat ing p r e s s u r e some power is applied to the tes t section, or the 
p r ehea t e r is s ta r ted . If the loop is a l ready p repa red and has r e -
mained under p r e s s u r e during the night, one needs about 3 hours to 
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reach the operat ing s t a t e . To reduce the operat ing s ta te of the loop 
one needs about 1. 5 h o u r s . 
7. Cal ibra t ion of the Mass Flow Ins t ruments 
Because a grea t p a r t of the t e s t s pe r fo rmed a r e made with very 
smal l m a s s flows (down to below 100 l / h ) the m a s s flow m e a s u r e -
ment becomes difficult. 
Besides the d iaphragm sect ion desc r ibed under 4. 2, r o t a m e t e r s and 
turbof lowmeters have been ava i lab le . 
Both these l a s t mentioned in s t rumen t s have been unsuccessful under 
the given operat ing condit ions. The r o t a m e t e r s a r e designed and ca-
l ib ra ted for even, fixed condit ions. A reca lcu la t ion of the ins tan ta -
neous operat ing conditions did not give sa t i s fac tory r e s u l t s . The 
m a s s flow m e a s u r e m e n t s with turbof lowmeters failed through purely 
technical difficulties. The sapphire seat ing of the p rope l l e r did not 
withstand the high t e m p e r a t u r e conditions and f rac tu red after only 
a few operat ing h o u r s . F o r this r eason we had to r e tu rn to the dia-
phragm measu r ing sect ion. Although h e r e a lso s e v e r a l uncer ta int ies 
had to be el iminated, it could be seen that this m e a s u r i n g method 
would ensure sufficient accu racy . The s tandard d iaphragm, finished 
according to the DIN-s tandardiza t ion 1952 a r e to apply to al l tube 
d i ame te r s D = 50 m m . The a p e r t u r e ra t ios can lie between 0. 05 and 
0 . 7 . 
The d iaphragm sect ions used in the case under review have the fol-
lowing data: 
Section I D = 32. 25 m m 
d = 4; 6; 8, 7 ; 10; 13; 18 and 23 m m 
Section II D = 20 m m 
d = 4; 5; 6; 8; 10; 13 and 16 m m . 
Because these values lie somewhat lower than the above-ment ioned 
ranges of DIN 1952, each d iaphragm had to be ca l ib ra ted . To r e -
duce la rge ly the possibi l i ty of e r r o r we made a cold wate r ca l ib ra -
17 
tion as well as a cal ibrat ion under operat ing conditions - up to 300 C 
and 2 50 bar . 
F i g s . 11 and 12 show two of the ca l ibra t ion curves obtained. The 
drawing contains the curve calculated by DIN 1952 as well as the 
m e a s u r e d values during cal ibrat ion. 
The deviation amounts max. + 1. 5%. The drawing shows that in the 
case under review the m a s s flow m e a s u r e m e n t s tandardizat ion would 
also be valid for a non-s tandard d iaphragm. 
8. Review of Investigations 
As mentioned in the introduction, s eve ra l heat t r ans fe r invest iga-
tions have been per formed in the loop. To give an idea of these expe-
r iments some types of tes t sect ions a r e p resen ted and a number of 
re fe rences repor ted . A major p r o g r a m of invest igat ion has been the 
heat t r ans fe r to water at near c r i t i ca l p r e s s u r e s , pa r t i cu la r ly the 
"heat t r ans fe r c r i s i s " and DNB [2-10_|. F ig . 13 shows a tes t section 
used in those expe r imen t s . 
A fur ther invest igat ion concerned the influence of twisted tapes on 
DNB in rod c lus t e r s (Fig. 14), which is r e f e r r e d to in [11-14]. 
Burn-out heat flux m e a s u r e m e n t s on 9- rod bundles have been ca r r i ed 
out in view of longitudinally and t r a n s v e r s a l l y uniform heat genera -
tion [15]. Measurements of wall t e m p e r a t u r e s and of local heat t r a n s -
fer coefficients with coiled tubes and the visual izat ion of flow pat tern 
in an annular t es t sect ion have been c a r r i e d out. The las t section is 
shown in F ig . 15. 
Fu tu re exper iments with a 9-rod c lus t e r (Fig. 16) will be concerned 
with DNB-measurement s with nonuniform heating, pa r t i cu la r ly the 
influence of var ious space r geomet r ies on DNB. 
Io 
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